754
METHOD 10A - DETERMINATION OF CARBON MONOXIDE

EMISSIONS IN CERTIFYING CONTINUOUS EMISSION
MONITORING SYSTEMS AT PETROLEUM REFINERIES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and analytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nmethod should have a
t hor ough knowl edge of at least the follow ng additional test
met hods: Method 1, Method 4, and Method 5.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Car bon nonoxi de (CO 630-08-0 3 ppnmv

1.2 Applicability. This nethod is applicable for the
determ nation of CO em ssions at petroleumrefineries. This
met hod serves as the reference nethod in the relative
accuracy test for nondispersive infrared (NDIR) CO
conti nuous em ssion nonitoring systens (CEMS) that are
required to be installed in petroleumrefineries on fluid
catal ytic cracking unit catal yst regenerators

[ § 60.105(a)(2) of this part].
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1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method. An integrated gas sanple is
extracted fromthe stack, passed through an al kali ne

per manganate solution to renove sul fur oxi des and nitrogen
oxi des, and collected in a Tedlar bag. The CO concentration
in the sanple is nmeasured spectrophotonetrically using the
reaction of CO w th p-sul fam nobenzoic aci d.

3.0 Definitions. [Reserved]

4.0 Interferences.

Sul fur oxides, nitric oxide, and other acid gases
interfere with the colorinetric reaction. They are renoved
by passing the sanpled gas through an al kali ne potassi um
per manganat e scrubbi ng sol ution. Carbon dioxide (CO) does
not interfere, but, because it is renoved by the scrubbing
solution, its concentration nust be neasured independently
and an appropriate volune correction nmade to the sanpled
gas.

5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its

use. It is the responsibility of the user of this test
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met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nmethod. The anal yzer users
manual shoul d be consulted for specific precautions to be
taken with regard to the anal ytical procedure.

5.2 Corrosive reagents. The followi ng reagents are
hazardous. Personal protective equi pnent and safe
procedures are useful in preventing chem cal splashes. |If
contact occurs, imediately flush with copi ous anmounts of
water for at least 15 mnutes. Renove clothing under shower
and decontam nate. Treat residual chem cal burns as thernal
bur ns.

5.2.1 Sodium Hydroxide (NaCH). Causes severe danage
to eyes and skin. Inhalation causes irritation to nose,
throat, and lungs. Reacts exothermcally with limted
anounts of water.

6.0 Equipment and Supplies.

6.1 Sanple Collection. The sanpling train shown in
Figure 10A-1 is required for sanple collection. Conponent
parts are described bel ow

6.1.1 Probe. Stainless steel, sheathed Pyrex gl ass,
or equival ent, equipped with a glass wool plug to renove

particul ate matter
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6.1.2 Sanple Conditioning System Three G eenburg-
Smth inpingers connected in series with | eak-free
connecti ons.

6.1.3 Punp. Leak-free punp with stainless steel and
Teflon parts to transport sanple at a flow rate of 300
mM/mn (0.01 ft3/mn) to the flexible bag.

6.1.4 Surge Tank. Installed between the punp and the
rate nmeter to elimnate the pulsation effect of the punp on
the rate neter.

6.1.5 Rate Meter. Rotanmeter, or equivalent, to
neasure flowrate at 300 mM/mn (0.01 ft3/mn). Calibrate
according to Section 10. 2.

6.1.6 Flexible Bag. Tedlar, or equivalent, with a
capacity of 10 liters (0.35 ft3® and equipped with a sealing
qui ck-connect plug. The bag nust be | eak-free
according to Section 8.1. For protection, it is recommended
that the bag be enclosed within a rigid container.

6.1.7 Valves. Stainless-steel needle valve to adjust
flowrate, and stainless-steel three-way valve, or
equi val ent .

6.1.8 CO, Analyzer. Fyrite, or equivalent, to

measure CO, concentration to wwthin O 5 percent.
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6.1.9 Volunme Meter. Dry gas neter, capable of
measuring the sanple volune under calibration conditions of
300 M/mn (0.01 ft3 mn) for 10 m nutes.

6.1.10 Pressure Gauge. A water filled U tube
manonet er, or equivalent, of about 30 cm (12 in.) to |eak-
check the flexible bag.

6.2 Sanple Analysis.

6.2.1 Spectrophotoneter. Single- or double-beamto
measur e absorbance at 425 and 600 nm Slit wi dth should not
exceed 20 nm

6.2.2 Spectrophotoneter Cells. 1-cm pathlength.

6.2.3 Vacuum Gauge. U-tube nercury manoneter, 1
meter (39 in.), with 1-mmdivisions, or other gauge capable
of measuring pressure to within 1 nm Hg.

6.2.4 Punp. Capable of evacuating the gas reaction
bulb to a pressure equal to or |less than 40 mm Hg absol ute,
equi pped with coarse and fine flow control val ves.

6.2.5 Baroneter. Mercury, aneroid, or other
baronet er capabl e of nmeasuring atnospheric pressure to
within 1 nm Hg.

6.2.6 Reaction Bulbs. Pyrex glass, 100-m wth
Tefl on stopcock (Figure 10A-2), |eak-free at 40 nm Hg,
designed so that 10 ml of the colorinetric reagent can be

added and renoved easily and accurately. Commercially
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avai | abl e gas sanpl e bul bs such as Supel co Catal og No. 2-
2161 may al so be used.

6.2.7 Mnifold. Stainless steel, with connections
for three reaction bul bs and the appropriate connections for
t he manoneter and sanpling bag as shown in Figure 10A-3.

6.2.8 Pipets. CCdass A 10-m size.

6.2.9 Shaker Table. Reciprocating-stroke type such
as Eberbach Corporation, Mdel 6015. A rocking arm or
rotary-notion type shaker may al so be used. The shaker nust
be | arge enough to accompdate at | east six gas sanple bul bs
sinmul taneously. It may be necessary to construct a table
top extension for nost commercial shakers to provide
sufficient space for the needed bul bs (Figure 10A-4).

6.2.10 Valve. Stainless steel shut-off valve.

6.2.11 Analytical Balance. Capable of weighing to
0.1 nyg.

7.0 Reagents and Standards.

Unl ess otherw se indicated, all reagents shall conform
to the specifications established by the Conmttee on
Anal ytical Reagents of the Anerican Chem cal Society, where
such specifications are avail able; otherw se, the best
avai | abl e grade shall be used.

7.1 Sanple Collection.
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7.1.1 Water. Dei oni zed distilled, to conformto ASTM

D 1193-77 or 91, Type 3 (incorporated by reference--see §
60.17). If high concentrations of organic matter are not
expected to be present, the potassium pernmanganate test for
oxi di zabl e organic matter may be omtted.

7.1.2 Al kaline Permanganate Sol ution, 0.25 M
KMhQ,/ 1.5 M Sodi um Hydroxi de (NaOH). Dissolve 40 g KMhQ,
and 60 g NaOH in approximately 900 mM water, cool, and
dilute to 1 liter.

7.2 Sanple Analysis

7.2.1 Water. Sanme as in Section 7.1.1.

7.2.2 1 M Sodi um Hydroxi de Solution. Dissolve 40 g
NaCH i n approximately 900 m of water, cool, and dilute to 1
liter.

7.2.3 0.1 MNaCH Solution. Dilute 50 mM of the 1 M
NaCH sol ution prepared in Section 7.2.2 to 500 nl.

7.2.4 0.1 MSilver Nitrate (AgNG) Sol ution.

Di ssolve 8.5 g AgNG;, in water, and dilute to 500 nl.

7.2.5 0.1 M Para-Sul fam nobenzoic Acid (p- SABA)
Solution. Dissolve 10.0 g p-SABA in 0.1 M NaOH, and dilute
to 500 mM with 0.1 M NaOH.

7.2.6 Colorinetric Solution. To a flask, add 100 mni
of 0.1 M p-SABA solution and 100 ml of 0.1 M AgNG;, sol uti on.

Mx, and add 50 mM of 1 M NaOH wi th shaking. The resultant
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solution should be clear and colorless. This solution is
acceptable for use for a period of 2 days.

7.2.7 Standard Gas M xtures. Traceable to National
Institute of Standards and Technol ogy (N ST) standards and
cont ai ni ng between 50 and 1000 ppm CO in nitrogen. At |east
two concentrations are needed to span each calibration range
used (Section 10.3). The calibration gases nust be
certified by the manufacturer to be within 2 percent of the
speci fied concentrations.

8.0 Sample Collection, Preservation, Storage, and
Transport.

8.1 Sanple Bag Leak-Checks. While a bag | eak-check
is required after bag use, it should al so be done before the
bag is used for sanple collection. The bag should be | eak-
checked in the inflated and deflated condition according to
the foll owi ng procedure:

8.1.1 Connect the bag to a water nmanoneter, and
pressurize the bag to 5to 100 cmHO (2 to 4 in HO. Allow
the bag to stand for 60 m nutes. Any displacenent in the
wat er manoneter indicates a |eak.

8.1.2 Evacuate the bag with a | eakless punp that is
connected to the downstream side of a flow indicating device

such as a 0- to 100-m/mn rotameter or an inpinger
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containing water. Wen the bag is conpletely evacuated, no
fl ow should be evident if the bag is | eak-free.

8.2 Sanple Collection.

8.2.1 Evacuate the Tedl ar bag conpletely using a
vacuum punp. Assenbl e the apparatus as shown in Figure 10A-
1. Loosely pack glass wool in the tip of the probe. Place
400 m of al kaline permanganate solution in the first two
inpingers and 250 ml in the third. Connect the punp to the
third inpinger, and followthis with the surge tank, rate
meter, and 3-way valve. Do not connect the Tedl ar bag to
the systemat this tine.

8.2.2 Leak-check the sanpling system by plugging the
probe inlet, opening the 3-way valve, and pulling a vacuum
of approximately 250 mm Hg on the system whil e observing the
rate meter for flow If flowis indicated on the rate
meter, do not proceed further until the leak is found and
corrected.

8.2.3 Purge the systemw th sanple gas by inserting
the probe into the stack and drawi ng the sanpl e gas through
the systemat 300 m/mn £ 10 percent for 5 m nutes. Connect
t he evacuated Tedl ar bag to the system record the starting
time, and sanple at a rate of 300 M/mn for 30 m nutes, or
until the Tedlar bag is nearly full. Record the sanpling

time, the baronmetric pressure, and the anbient tenperature.
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Purge the system as descri bed above i mmedi ately before each
sanpl e.

8.2.4 The scrubbing solution is adequate for renoving
sul fur oxides and nitrogen oxides from50 liters (1.8 ft?3)
of stack gas when the concentration of each is |ess than
1,000 ppm and the CO, concentration is |l ess than 15 percent.
Repl ace the scrubber solution after every fifth sanple.

8.3 Carbon Dioxide Measurenent. Measure the CG,
content in the stack to the nearest 0.5 percent each tine a
CO sanple is collected. A sinultaneous grab sanple analyzed

by the Fyrite anal yzer is acceptable.
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9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.

Quality
Section Control Measure Ef f ect
8.1 Sanpl i ng equi pnent Ensure accuracy and
| eak- checks and preci sion of sanpling
cal i bration measur enent s
10.3 Spect r ophot onet er Ensure linearity of
cal i bration spect rophot onet er response

t o standards

9.2 Volune Metering System Checks. Sane as Met hod 5,
Section 9. 2.

10.0 Calibration and Standardization.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Gas Bulb Calibration. Wigh the enpty bulb to
the nearest 0.1 g. Fill the bulb to the stopcock with water,
and again weigh to the nearest 0.1 g. Subtract the tare
wei ght, and calculate the volune in liters to three
significant figures using the density of water at the
measurenent tenperature. Record the volune on the bulb.

Al ternatively, mark an identification nunber on the bulb,
and record the volune in a notebook.

10.2 Rate Meter Calibration. Assenble the system as
shown in Figure 10A-1 (the inpingers may be renoved), and
attach a volunme neter to the probe inlet. Set the rotaneter
at 300 M/mn, record the volune neter reading, start the

punp, and pull anbient air through the systemfor 10
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m nutes. Record the final volune neter reading. Repeat the
procedure and average the results to determ ne the vol une of
gas that passed through the system

10.3 Spectrophotoneter Calibration Curve.

10.3.1 Collect the standards as described in Section
8.2. Prepare at least two sets of three bul bs as standards
to span the 0 to 400 or 400 to 1000 ppmrange. |If any
sanpl es span both concentration ranges, prepare a
calibration curve for each range using separate reagent
bl anks. Prepare a set of three bul bs containing
colorinetric reagent but no COto serve as a reagent bl ank
Anal yze each standard and bl ank according to the sanple
anal ysis procedure of Section 11.0 Reject the standard set
where any of the individual bulb absorbances differs from
the set nean by nore than 10 percent.

10. 3.2 Calculate the average absorbance for each set
(3 bul bs) of standards using Equation 10A-1 and Table 10A-1
Construct a graph of average absorbance for each standard
against its correspondi ng concentration. Draw a snooth
curve through the points. The curve should be |inear over
the two concentration ranges discussed in Section 13.3.
11.0 Analytical Procedure.

11.1 Assenble the system shown in Figure 10A-3, and

record the information required in Table 10A-1 as it is
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obtained. Pipet 10.0 ml of the colorinetric reagent into
each gas reaction bulb, and attach the bulbs to the system
Open the stopcocks to the reaction bul bs, but |eave the
valve to the Tedlar bag closed. Turn on the punp, fully
open the coarse-adjust flow valve, and slowy open the fine-
adj ust valve until the pressure is reduced to at | east 40 nm
Hg. Now cl ose the coarse adjust valve, and observe the
manoneter to be certain that the systemis |leak-free. Wit
a mninmumof 2 mnutes. |If the pressure has increased | ess
than 1 mm Hg, proceed as described below If a leak is
present, find and correct it before proceeding further.

11.2 Record the vacuum pressure (P,) to the nearest 1
mm Hg, and cl ose the reaction bulb stopcocks. Open the
Tedl ar bag valve, and allow the systemto cone to
at nospheric pressure. C ose the bag val ve, open the punp
coarse adjust valve, and evacuate the system again. Repeat
this fill/evacuation procedure at least twice to flush the
mani fol d conpletely. C ose the punp coarse adjust valve,
open the Tedl ar bag valve, and let the systemfill to
at nospheric pressure. Open the stopcocks to the reaction
bul bs, and let the entire system cone to atnospheric
pressure. Close the bulb stopcocks, renove the bul bs,
record the roomtenperature and baronetric pressure (Py,, to

nearest mm Hg), and place the bul bs on the shaker table with
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their main axis either parallel to or perpendicular to the
pl ane of the table top. Purge the bulb-filling systemwth
anbient air for several m nutes between sanples. Shake the
sanples for exactly 2 hours.

11.3 Imredi ately after shaking, neasure the
absorbance (A) of each bulb sanple at 425 nmif the
concentration is less than or equal to 400 ppm CO or at 600
nmif the concentration is above 400 ppm

NOTE: This may be acconplished with nultiple bulb
sets by sequentially collecting sets and adding to the
shaker at staggered intervals, followed by sequentially
removi ng sets fromthe shaker for absorbance neasurenent
after the two-hour designated intervals have el apsed.

11.4 Use a small portion of the sanple to rinse a
spectrophot oneter cell several tinmes before taking an
aliquot for analysis. |If one cell is used to analyze
mul tiple sanples, rinse the cell with deionized distilled
wat er several tinmes between sanples. Prepare and anal yze
st andards and a reagent blank as described in Section 10. 3.
Use water as the reference. Reject the analysis if the
bl ank absorbance is greater than 0.1. Al conditions shoul d
be the sanme for analysis of sanples and standards. Measure
t he absorbances as soon as possible after shaking is

conpl et ed.
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11.5 Determne the CO concentration of each bag

sanpl e using the calibration curve for the appropriate

concentration range as discussed in Section 10. 3.

12.0 Calculations and Data Analysis.

Carry out calculations retaining at |east one extra

deci mal figure beyond that of the acquired data. Round off

figures after final calculation.

12.1 Nonencl at ur e.

A

>

Sanpl e absorbance, uncorrected for the
reagent bl ank.

Absor bance of the reagent bl ank.

Aver age sanpl e absorbance per liter
units/liter.

Moi sture content in the bag sanple.

CO concentration in the stack gas, dry
basis, ppm

CO concentration of the bag sanple, dry
basis, ppm

CO concentration fromthe calibration curve,
ppm

Vol une fraction of CO, in the stack.
Nunmber of reaction bul bs used per bag
sanpl e.

Baronetric pressure, nmm Hg.
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P, = Residual pressure in the sanple bulb after
evacuati on, nm Hg.
P, = Vapor pressure of HOin the bag (from Tabl e
10A-2), mm Hg.
V, = Volune of the sanple bulb, liters.
V, = Volune of reagent added to the sanple bulb
0.0100 liter.
12.2 Average Sanpl e Absorbance per Liter. Calculate
A, for each gas bulb using Equation 10A-1, and record the
value in Table 10A-1. Calculate the average A, for each bag
sanpl e, and conpare the three values to the average. If any
single value differs by nore than 10 percent fromthe
average, reject this value, and cal cul ate a new average
using the two remaini ng val ues.

_ (AA)(P)
° (Vb_vr) ( Pb_Pv)

Eq. 10A-1

NOTE: A and A mnust be at the sanme wavel engt h.

12.3 CO Concentration in the Bag. Calculate G, using
Equati ons 10A-2 and 10A-3. |If condensate is visible in the
Tedl ar bag, cal culate B, using Table 10A-2 and the
tenperature and baronetric pressure in the analysis room |If
condensate is not visible, calculate B, using the

tenperature and baronetric pressure at the sanpling site.
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P
B =_Y% _
w ) Eq. 10A-2
_ C@
12.4 CO Concentration in the Stack
C::C%(l—F) Eq. 10A-4

13.0 Method Performance.

13.1 Precision. The estimated intral aboratory
standard deviation of the nmethod is 3 percent of the nean
for gas sanples analyzed in duplicate in the concentration
range of 39 to 412 ppm The interl aboratory precision has
not been established.

13.2 Accuracy. The nmethod contains no significant
bi ases when conpared to an NDIR anal yzer calibrated with
NI ST st andards.

13.3 Range. Approxinmately 3 to 1800 ppm CO.  Sanpl es
havi ng concentrati ons bel ow 400 ppm are anal yzed at 425 nm
and sanpl es havi ng concentrati ons above 400 ppm are anal yzed

at 600 nm
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13.4 Sensitivity. The detection limt is 3 ppnv
based on a change in concentration equal to three tines the
standard devi ation of the reagent blank sol ution.

13.5 Stability. The individual conponents of the
colorinmetric reagent are stable for at least 1 nonth. The
colorinmetric reagent nust be used within 2 days after
preparation to avoi d excessive blank correction. The
sanples in the Tedl ar bag should be stable for at least 1
week if the bags are | eak-free.

14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 References.

1. Butler, F.E., J.E Knoll, and MR M dgett.

Devel opnent and Eval uati on of Methods for Determ ning Carbon
Monoxi de Em ssions. U. S. Environnental Protection Agency,
Research Triangle Park, N. C June 1985. 33 pp.

2. Ferguson, B. B., RE Lester, and WJ. Mtchell.
Fi el d Eval uati on of Carbon Monoxi de and Hydrogen Sul fide
Conti nuous Em ssion Monitors at an Ol Refinery. US.

Envi ronnmental Protection Agency, Research Triangle Park,

N.C. Publication No. EPA-600/4-82-054. August 1982. 100

pp.



772

3. Lanbert, J.L., and R E Wins. Induced
Colorimetric Method for Carbon Monoxi de. Anal yti cal
Chemistry. 46(7):929-930. June 1974.

4. Levaggi, D.A., and M Feldstein. The Colorinetric
Det erm nati on of Low Concentrations of Carbon Monoxi de.
| ndustrial Hygiene Journal. 25:64-66. January-February
1964.

5. Repp, M Evaluation of Continuous Mnitors For
Car bon Monoxide in Stationary Sources. U S. Environnental
Protection Agency. Research Triangle Park, N C
Publ i cati on No. EPA-600/2-77-063. March 1977. 155 pp.

6. Smth, F., D.E. \Wagoner, and R P. Donovan.
Qui delines for Devel opnent of a Quality Assurance Program
Volume VIl - Determ nation of CO Em ssions from Stationary
Sources by NDIR Spectronetry. U.S. Environnental Protection
Agency. Research Triangle Park, N C. Publication No. EPA-
650/ 4- 74- 005-h. February 1975. 96 pp.

17.0 Tables, Diagrams, Flowcharts, and Validation Data.



TABLE 10A-1. Data Recordi ng Sheet For Sanples Analyzed in Triplicate.
Parti al
Sanple | Room | Stack | Bulb Bul b Reagent pressure Py, Shaki ng Abs A- A Avg
no. / tenp %O, no. vol ., vol. in of nmm Hg tinme, ver sus A
type °C liters bul b, gas in mn wat er
liter bul b,
mm Hg
bl ank
Std. 1
Std. 2
Sanpl e
1
Sanpl e
2

Sanpl e
P}




774

TABLE 10A- 2. Mbi sture Correction.

Vapor pressure Vapor
Temperature of H,O nmHg  Tenperature pressure
°C °C of HO mm Hg

4 6.1 18 15.5
6 7.0 20 17.5
8 8.0 22 19.8
10 9.2 24 22. 4
12 10.5 26 25.2
14 12.0 28 28. 3
16 13.6 30 31.8
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Figure 10A-1.

Sampling Train.
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DIMENSIONS: cm

N

38

Figure 10A-2. Sample Reaction Bulbs.
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Figure 10A-3.

Sample Bulb Filling System.







